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[57] ABSTRACT

A method is described for fabricating a lightly doped
drain MOS FET integrated circuit device with a peel-
ing-free metal silicide gate electrode continues by an-
nealing the gate oxide, the polysilicon layer and the
metal silicide layer using a furnace process at a tempera-
ture more than about 920° C. and for a time of less than
about 40 minutes. A pattern of lightly doped regions is
formed in the substrate by ion implantation using the
structures as the mask. A low temperature silicon diox-

ide layer is blanket deposited over the surfaces of the

structure. The pattern of lightly doped regions is driven
in while maintaining the low temperature silicon oxide
over the metal silicide layer by annealing at a tempera-
ture of more than about 920° C. The blanket layer 1s
etched to form a dielectric spacer structure upon the
sidewalls of each of the gate electrode structures and
over the adjacent portions of the substrate, and to re-
move the silicon oxide layer from the top surfaces of
metal silicide layer. Heavily doped regions are formed.
A passivation layer which includes a silicon oxide layer
and a thicker dielectric layer is formed over the struc-
tures. The heavily doped regions are annealed to dri-
vein the impurities at a temperature of more than about
920° C. while maintaining said passivation layer over
said metal silicide layer.

19 Claims, 1 Drawing Sheet
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CAPPING FREE METAL SILICIDE INTEGRATED
PROCESS

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to methods for produc-
g integrated circuit devices-having lightly doped
drain MOSFET with refractory metal polycide gate
structures.

(2) Description of Prior Art

The use of polycide gates or interconnect lines, that is
a combination of layers of polysilicon and a refractory
metal silicide 1s becoming very important as the indus-
try moves to smaller device geometries or more com-
pact design. In the past, polysilicon was satisfactory as
the gate electrodes and for interconnecting lines. How-
ever, as these geometries become smaller, polysilicon
has become too high in resistivity for these applications
due to its impact on RC time delays and IR voltage
drops. The use of a combination of refractory metal
silicides with polysilicon has proven suitable because of
its lower resistivity.

Silicides of certain refractory metals, i.e. tungsten,
molybdenum, titanium, and tantalum have been proven
to be suitable for use as a low resistance interconnect
material for VLSI integrated circuit fabrication. The
disilicides pair very well with heavily doped polysilicon
to form polycide gates, because of the criteria of low
resistivity and high temperature stability. Tungsten
silicide has particularly been found to be capable of
overcoming some shortcomings, such as self-passiva-
tion, good stability 1n wet chemical ambients, adhesion,
and reproducibility in combination with polysilicon in
production.

The preferred deposition technique of tungsten sili-
cide 1s low pressure chemical vapor deposition. The
oxidation characteristics of tungsten silicide as pro-
duced by this method are similar to those of polysilicon.

The peeling of the polycide film can happen fre-
quently 1f care 1s not taken during processing and han-
dling of the wafers. This in turn causes the low yield of
the product. This peeling and/or less integrity of the
silicide problems are often observed after thermal treat-
ments especially under an oxidizing atmosphere.

The conventional polycide process forms sequen-
tially the gate oxide layer by thermal oxidation, the
polysilicon layer which is then doped, and the refrac-
tory metal silicide in situ. The refractory metal silicide
and polysilicon layer deposition and the doping of the
polysilicon are normally not done in the same reaction
chamber. These layers are now anisotropically etched
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in the desired pattern of polycide gate structures. A -

furnace annealing step in oxygen causes the amorphous
refractory metal silicide to change into its crystalline
phase. During this annealing process, silicon dioxide is
grown upon the surfaces of the polycide and exposed
silicon substrate. A pattern of lightly doped regions in
the substrate is formed by ion implantation using said
gate electrode structures as the mask. The dielectric
spacer is formed by blanket chemical vapor deposition
of silicon dioxide, a heat densification step and an aniso-
tropic etching of the silicon dioxide layer. The N--
implant is then carried out, followed by the conven-
tional dopant annealing step. The result of this process
1s all too often the peeling of the refractory metal sili-
cide.
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The workers 1n the field have tried to overcome this
problem by capping with silicon dioxide during the
reaction of titanium with the underlying polysilicon
layer such as shown by T. E. Tang et al in U.S. Pat. No.
4,690,730. This did suppress peeling for this type of
process, however the major reason for the silicon diox-
ide layer is to prevent the titanium from being oxidized
by oxygen.

C. S. Yoo 1in U.S. Pat. No. 5,089,432 has shown a
method for overcoming the metal silicide peeling prob-
lem by providing a method with forms a silicon oxide
cover layer over the metal silicide layer before the
formation of the heavily doped source/drain regions. C.
S. Yooand T. H. Lin in Ser. No. 7/649,549 filed Feb. 1,
1991 have shown a method which uses ion implanted
stlicon 10ns 1nto the metal silicide layer to overcome the
peeling problems.

It 1s therefore an important object of this invention to
provide a method for fabricating integrated circuits
which overcomes this peeling problem and raises yields
by using a capping free metal polycide intergrated pro-
cess which only uses high temperature annealing steps
when the metal silicide is covered with a suitable cover-
ing that is normally formed in the process sequence.

SUMMARY OF THE INVENTION

In accordance with the present invention, a method is
described for fabricating a lightly doped drain MOS-
FET mtegrated circuit device which overcomes the
problems described above in prior integrated circuit
devices. The method begins by forming a pattern of
gate electrode structures upon a semiconductor sub-
strate which structures each includes a gate oxide, a
polysilicon layer and a refractory metal silicide. The

method for fabricating a lightly doped drain MOS FET

integrated circuit device with a peeling-free metal sili-
cide gate electrode continues by annealing the gate
oxide, the polysilicon layer and the metal silicide layer
using a furnace process at a temperature more than
about 920° C. and for a time of less than about 40 min-
utes. A pattern of lightly doped regions is formed in the
substrate by 1on implantation using the structures as the
mask. A low temperature silicon dioxide layer is blanket
deposited over the surfaces of the structure. The pattern
of lightly doped regions is driven in while maintaining
the low temperature silicon oxide over the metal silicide
layer by annealing at a temperature of more than about
920° C. The blanket layer 1s etched to form a dielectric
spacer structure upon tile sidewalls of each of the gate
electrode structures and over the adjacent portions of
the substrate, and to remove the silicon oxide layer from
the top surfaces of metal silicide layer. Heavily doped
regions are now formed in the substrate by ion implan-
tation using the gate electrode structures with spacer
structures as the mask to produce the lightly doped
drain under the spacer structure of an MOS FET de-
vice. This ion implantation 1s done without the conven-
tional usage of a silicon dioxide protective surface cov-
ering to prevent 1on implantation damage. A passivation
layer which includes a silicon oxide layer and a thicker
dielectric layer 1s formed over the structures. The heav-
1ly doped regions are annealed to drivein the impurities
at a temperature of more than about 920° C. while main-
taining said passivation layer over said metal silicide
layer. Openings are made in the passivation layer and
appropriate electrical connecting structures are made
therethrough and over to electrically connect the gate
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electrode structures and source/drain elements to form
the integrated circuit device.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawing show the following: 5
FI1G. 1 through FIG. 3 schematically illustrate one

method for making a lightly doped drain MOS FET
polycide gate integrated circuit of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now more particularly to FIGS. 1 through
3, there is shown a method for making the lightly doped
drain device of the present invention. The first series of
steps involve the formation of the dielectric isolation 15
regions for isolating semiconductor surface regions
from other such regions in the semiconductor substrate
10. The semiconductor substrate 1s preterably com-
posed of silicon having a (100) crystallographic orienta-
tion. In an effort to simplify the description and the
drawings the dielectric 1solation between devices have
been shown schematically at 11 and will not be de-
scribed in detail, because 1t i1s conventional. For exam-
ple, one method 1s described by E. Koo1 1n his U.S. Pat.
No. 3,970,486 wherein certain selected surface portions
of a silicon semiconductor substrate i1s masked against
oxidation, and then the exposed unmasked surface 1s
oxidized to grow a thermal oxide which in effect sinks
into the silicon surface at the unmasked areas. The
masked silicon remains as a mesa surrounded by the
sunken silicon dioxide 11 as shown in the FIG. 1. Then
semiconductor devices can be provided in the silicon
mesas according to the following processes.

The surface of the silicon substrate 10 1s thermally
oxidized to form the desired gate oxide 12 thickness.
The preterred thickness 1s between about 1500 to 2000
Angstroms. The polysilicon layer 14 is blanket depos-
ited by pyrolyzing silane between about 575° and 650°
C. as is conventionally done. The preferred thickness of
the polysilicon layer 14 is between about 2000 to 2500 40
Angstroms. The polysilicon layer 14 i1s doped with
POCI3 , under the conditions of 850° C. for about 10
minutes of a soaking and 30 minutes of a drivein. The
resulting surface 1s cleaned with a standard cleaning
solution for polysilicon.

A refractory metal silicide layer, such as tungsten
silicide 15 1s preferably deposited using low pressure
chemical vapor deposition over the polysilicon layer 14.
The metal silicide 1s preferably deposited as amorphous.

The preferred metal silicide i1s tungsten silicide and 50
the preferred deposition conditions are a gas flow of
tungsten hexafluoride and silane at a temperature of
about 360° C. and pressure of about 200 mTorr. in a
suitable reactor. The flow rate of the silane is preferred
to be about 2000 sccm. The thickness of the metal sili-
cide 1s between about 2000 to 2250 Angstroms and the
preferred thickness is 2000 Angstroms. Conventional
Iithography and etching 1s now used to form a litho-
graphic mask over the polycide layered structure. The
mask pattern protects the designated areas to be the
polycide gate structures. The masked structure is now
exposed to a plasma etching ambient of for example,
SF¢/CyFg¢ under a pressure of about 250 mtorr. to re-
move the unwanted portions of the polysilicon layer 14
and refractory metal silicide layer 15. The resist mask 1s
now removed.

The resulting polycide structure 1s annealed in an
oxygen ambient using a temperature of at least 900° C.
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and preferably at least 920° C. for a time of between
about 35 to 45 minutes. The preferred time is between
about 40 munutes. The time and temperature conditions
are critical to give the best possible adhesion of the
polycide structure. This annealing process will cause
the crystallization of the refractory metal silicide from
its as deposited amorphous condition. The silicon oxide
(not shown) formed on the polycide structures 14, 15 1s
about 400 Angstroms and about 150 Angstroms on the
exposed silicon substrate 11. This silicon oxide (not
shown) 1s left on the polycide top surface until the sub-
sequent spacer etching which 1s often a 25% overetch-
ing step. The overetching will then remove this oxide
layer.

The source/drain structure of the MOS FET may
now be formed by the following steps. The FIGS. 1
through 3 illustrate the formation of an N channel FET
integrated circuit device. However, 1t 1s well under-
stood by those skilled in tile art that a P channel FE'T
integrated circuit device could also be formed by sim-
ply substituting opposite polarities to those given for the
N channel embodiment. Also, a CMOS FET could 1in a
similar way be formed by making both N channel and P
channel devices upon the same substrate. Of course, it
may be desirable to form N or P wells as 1s known in the
art 1n making such CMOS FET integrated circuit de-
VICES.

FIG. 1, for example shows the 1on implantations of
N-dopants. Lithographic masks (not shown) may be
required to protect the areas not to be subjected to that
particular N-ion implantation. The formation ot the
lithographic masks are done by conventional lithogra-
phy and etching techniques. The N- lightly doped drain
implantation 18 1s done with for example phosphorous
P31 implanting at a dose of 2 E 13 square cm. and with
an energy of 75 Kev.

'The dielectric spacer 20 will now be tormed followed
by the completion of the lightly doped drain source/-
drain structures and may be better understood with
reference to FIGS. 1 and 2. A low temperature silicon
dioxide deposition is preferred such as through the
chemuical vapor deposition of tetraethoxysilane (TEOS)
at a temperature in the range of between about 650° to
750° C. However, it is generally preferred to have the
spacer formation layer at the 700° C. The thickness of
the dielectric silicon dioxide layer 16 is between about
2250 to 2750 Angstrom and preferably 2500 Angstroms.

The drivein of the lightly doped drain 1on implanta-
tion 1s now done betore the formation of the spacer. The
metal silicide 1s still covered with the silicon dioxide
layer 16 and will therefore be protected from peeling
during this high temperature annealing step. The ther-
mal annealing 1s at a temperature of at least 900° C. and
preferably at least 920° C. for a time of between about
20 to 40 minutes. The prefered time 1s about 30 minutes.
The time/temperature conditions are criticcal to opti-
mizing this LDD structure. The resulting structure is
shown in FIG. 1.

Now the anisotropic etching of this layer 16 1s used to
produce the dielectric spacer layer 20 on the vertical
sidewalls of the polycide structures 14, 15. The silicon
oxide layer (not shown) caused by the first annealing
step 18 removed from the honzontal surfaces of the
structure mncluding the metal silicide layer 15. The pre-
ferred anisotropic etching uses a plasma dry etching
apparatus with carbon hydrogen trifluoride and helium
gases to etch the layer of silicon dioxide at a pressure of
about 3 Tort.
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The exposed silicon oxide layer 16 on the silicon
substrate and the top surface of the metal silicide layer
is also removed along with the unwanted portions of
layer 16 by the reactive ion etching as can be seen by the
FIG. 2. The lithographic mask (not shown) is removed
by, for example plasma ashing in oxygen as 1s well
known in the art.

Referring now to FIG. 2, the N4 source/drain ion
implantation uses, for example Arsenic, As75 with a
dose of 5 E 15 square cm. and energy of about 140 Kev.
without the use of a screen silicon oxide layer as is
conventionally used. The conventional drivein to com-
plete the source/drain regions 22 that is normally done
at this time is not done until the dielectric layer 30, 34 1s
deposited over the surfaces to protect the metal silicide
layer portion of the polycide gate electrode.

The dielectric layer 30, 34 1s deposited over the sur-
faces of the device. The dielectric layer 30, 34 which is
preferably glasseous covers the polycide structure. The
preferred process for forming the passivation layer 30,
34 is by forming in a continuous deposition, a layer 30 of
between about 900 to 1100 Angstroms silicon dioxide
and a second layer 34 of between about 3000 to 9000
Angstroms borophosphosilicate glass under either the
conventional atmospheric pressure chemical vapor de-
position or plasma enhanced chemical vapor deposition
Process.

The N+ drivein i1s now done by annealing. The metal
silicide is still covered with the silicon dioxide layer 30
and dielectric layer 34 and will therefore be protected
from peeling during this high temperature annealing
step. The furnace thermal annealing is at a temperature
of at least 850° C. and preferably at least 900° C. for a
time of between about 20 to 50 minutes. The prefered
time 1s about 40 minutes. This thermal process is critical
in the recovery of damage down from the source/drain
implantation and to give good borophophosilicate pla-
narization.

Openings are required to be made to the source/drain
regions 22. These are made by etching through the layer
30, 34 by conventional lithography and etching tech-
niques. Openings (not shown) may also be made to the
gate electrodes for this planned metallurgy level, but
these are not shown because they are not in this cross-
sectional drawing.

The structure i1s now heated to a temperature be-
tween about 850° to 920° C. to cause the glasseous layer
to flow and to round off the sharp corners at the surface
of the said contact openings. This is generally called
reflow.

Appropriate metallurgy is now deposited and pat-
terned to electrically connect and form contacts 36 to
the gates (not shown) and source/drain elements 22 to
complete this portion of the integrated circuit device.
‘This metallurgy 1s conventional and may be formed of
polysilicon, aluminium, aluminium with dopants of cop-
per and/or silicon, polycide and the like.

The above detailed process description points out the
important features of the present invention and to aid in
the understanding thereof and variations may be made
by one skilled in the art without departing from the
spirit and scope of the invention. Workers in the art
would normally believe that the source/drain implanta-
tion without using the screen silicon oxide may cause
junction leakage and degrade device yield. However,
with our detailed process approach, we surprisingly
have residual implantation damages are away from
device junction. Furthermore, our device performance
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and yield data with boron difluoride for P+ and arsenic
for N+ have shown no significant degradation.

While the invention has been particularly shown and
described with reference to the preferred embodiments,
it will be understood by those skilled in the art that
various changes in form and details may be made with-
out departing from the spirit and scope of the invention.
For example, while the detailed examples of the inte-
grated circuit devices used N channel MOS FET de-
vices, 1t 15 obvious to those skilled in the art that P
channel devices and CMOS FET devices can also be
fabricated as part of this invention. Further, bipolar
devices can also be added to the integrated circuit de-
vice to form BIMOS or BICMOS structures.

What is claimed is:

1. The method for fabricating a lightly doped sour-
ce/drain MOS FET integrated circuit device with a
peeling-free metal silicide gate electrode comprising:

forming a pattern of gate electrode structures upon a

semiconductor substrate which structures each
includes a gate oxide, a polysilicon layer, and metal
silicide layer;

forming a pattern of lightly doped regions in said

substrate by ion implantation using said structures
as the mask;
blanket depositing a dielectric layer over the surfaces
of the structure at a temperature of between about
650° to 750° C.; |

driving in said pattern of lightly doped regions while
maintaining said dielectric layer over said metal
silicide layer by annealing at a temperature of more
than about 920° C.;

etching the said blanket layer to form a dielectric
spacer structure upon the sidewalls of each of said
gate electrode structures and over the adjacent
portions of said substrate, and to remove the said
dielectric layer from the top surfaces of said metal
silicide layer;

forming heavily doped regions in said substrate by

ion 1mplantation using the said gate electrode struc-
tures with spacer structures as the mask to produce
said lightly doped drain under said spacer structure
of an MOS FET device and wherein the surface of
said substrate being ion implanted is without using
an 10n protection covering layer;

forming a passivation layer over the said structures

which passivation layer includes a layer of silicon
oxide and a layer of a dielectric layer;

driving in said heavily doped regions by annealing at

a temperature of more than about 900° C. while
maintaining saild passivation layer over said metal
silicide; and

forming openings in said passivation layer and mak-

ing electrical connecting structures thereover to
electrically connect the said gate electrode struc-
tures and source/drain elements to form said inte-
grated circuit device.

2. The method of claim 1 wherein the said driving in
said lightly doped drain regions annealing step is per-
formed in an oxygen ambient at a temperature less than
about 900" C. and for a time of between about 25 to 35
minutes.

3. The method of claim 1 wherein the said drivein
annealing of said heavily doped regions is performed in
a nitrogen ambient at a temperature about 900° C. and
for a time of between about 35 to 45 minutes.
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4. The method of claim 1 wherein the said metal
silicide 1s deposited in situ by chemical vapor deposi-
tion.

5. The method of claim 4 wherein the said metal
stlicide 1s tungsten silicide. +

6. The method of claim 1 wherein the thickness of the
said metal silicide is between about 2000 to 2500 Ang-
stroms, the said polysilicon layer is doped for conduc-
tivity and the thickness of said polysilicon layer is be-
tween about 2000 to 2500 Angstroms.

7. The method of claim 1 wherein the said lightly
doped regions are N— doped and said heavily doped
regions are N+ doped to form N channel MOS FET
itegrated circuit.

8. The method of claim 1 wherein said lightly doped
source/drain MOS FET integrated circuit device in-
clude both P and N type devices on said substrate to
provide CMOS FET circuit capability within said inte-
grated circuit device.
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9. The method of claim 1 wherein the thickness of 20

said spacer structure is between about 2250 to 2750
Angstroms, and said spacer layer i1s formed by low
temperature chemical vapor deposition at less than 750°

C

10. The method of claim 5 wherein the thickness of 20

satd tungsten silicide layer is between about 2000 and
2500 Angstroms and the thickness of the said polysili-
con layer 1s between about 2000 and 2500 Angstroms.

11. The method of claim 1 wherein the said dielectric
spacer structure i1s formed with a low temperature
TEOS chemical vapor deposition method and an reac-
tive 1on anisotropic etching process to produce a said
silicon dioxide spacer.

12. The method for fabricating a lightly doped sour-
ce/drain MOS FET integrated circuit device having a
peeling-free tungsten silicide gate electrode comprising:

forming a pattern of gate electrode structures upon a

semiconductor substrate which structures each
includes a gate oxide, a polysilicon layer, and a
tungsten silicide;
annealing said gate oxide, said polysilicon layer and
said silicide layer using an annealing process at a
temperature more than about 920° C.;

torming a pattern of lightly doped regions in said
substrate by 10n mmplantation using said structures
as the mask;
blanket depositing a dielectric layer over the surfaces
of the structure at a temperature of between about
650° to 750° C.;

driving in said pattern of lightly doped regions by
annealing at a temperature of more than about 920°
C. and for a time of between about 25 to 35 minutes
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with said silicide layer having a covering of said
dielectric layer thereover;
etching the said blanket layer to form a dielectric
spacer structure upon the sidewalls of each of said
gate electrode structures and over the adjacent
portions of said substrate, and removing said di-
electric layer from the top surface of said tungsten
stlicide layer:
forming heavily doped regions in said substrate by
10n implantation using the said gate electrode struc-
tures with spacer structures as the mask to produce
said lightly doped drain under said spacer struc-
tures of an MOS FET device and wherein the
surface of said substrate being ion implanted is
without using an ion protection covering layer;

forming a passivation layer over the structures which
passivation layer includes a silicon oxide layer and
a dielectric layer thereover;

driving 1n said heavily doped regions by annealing in
an 1nert atmosphere at a temperature of more than
about 900° C. with said silicide layer being covered
with said passivation layer; and

forming openings in said passivation layer and mak-

ing electrical connecting structures thereover to
electrically connect the said gate electrode struc-
tures and source/drain elements to form said inte-
grated circuit device.

13. The method of claim 12 wherein the said driving
in said lightly doped drain regions annealing step is
performed 1n an oxygen ambient at a temperature of
about 920° C.

14. The method of claim 12 wherein the said drivein
annealing of said heavily doped regions i1s performed in
a nitrogen ambient at a temperature of about 900° C.

15. The method of claim 12 wherein the said metal
silicide is deposited in situ by chemical vapor deposi-
f1om.

16. The method of claim 15 wherein the said metal
stlicide is tungsten silicide.

17. The method of claim 12 wherein the thickness of
the said metal silicide is between about 2000 to 2500
Angstroms, the said polysilicon layer 1s doped for con-
ductivity and the thickness of said polysilicon layer is
between about 2000 to 2500 Angstroms.

18. The method of claim 12 wherein the said lightly
doped regions are N— doped and said heavily doped
regions are N+ doped to form N channel MOS FET
integrated circuit.

19. The method of claim 16 wherein the thickness of
said tungsten silicide layer is between about 2000 and
2500 Angstroms and the thickness of the said polysili-
con layer 1s between about 2000 and 2500 Angstroms.
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